To assess the usefulness of the Doppler mean gradient as a noninvasive indkzator of the need for htterventien, 33 chikiren (ages 3 months to 20 years) with valvuiar aor& stenosis (AS) undement . aP=dimeWonalandDoppler~ aphic examination a median of 1 day before cardiac catheterizatkm The clinical decision for i*ention was based on finditig a catheterization peak-to-peak presurogradientof>75mmHgorfromSOto75 mm Hg in the pretince of symptoms or an abnormal exercise treadmill test result. Of the 33 patients, 23 required intencntion.
To assess the usefulness of the Doppler mean gradient as a noninvasive indkzator of the need for htterventien, 33 chikiren (ages 3 months to 20 years) with valvuiar aor& stenosis (AS) undement . aP=dimeWonalandDoppler~ aphic examination a median of 1 day before cardiac catheterizatkm The clinical decision for i*ention was based on finditig a catheterization peak-to-peak presurogradientof>75mmHgorfromSOto75 mm Hg in the pretince of symptoms or an abnormal exercise treadmill test result. Of the 33 patients, 23 required intencntion.
The decision for intervention was compared to the Doppler mean gradii, and the Doppler peak and mean gradients were compared to the catheterization peak-to-peak gradient. All 12 patienU with a Doppler mean gradient >27 min Hg had intervention and had a catheterization peak-to-peak gradii of 175 mm Hg. Ail 3 patii with a Doppler mean gradient <17 mm Hg had no intenention and had a peak-to-peak gradient <SO mm Hg. The remaining 18 patients with Doppler mean gradients between 17 and 27 mm Hg comprised an intermediate grqp in whom the Doppler mean gradient akme did not prediit the need for intenention.
From a &i-square tati, a Doppler mean gradient >27 mm Hg prediited the need for intervention with 160% spetcificity (no false positives) and 52% sensitivity (11 false negatives). If a Doppler mean gradient 24 mm Hg was used to predict intervention, the sendtHy imsed to 91% (2 false negatives) but qmHkity decreased to 70% (3 false positives). To improve the ability to predict the needforintenentioninpatie&withaDoppler mean gradient between 17 and 27 mm Hg, the presence of symptoms or an abnormal exercise treadmill test result was combined with the Doppler mean gradient as criteria for intervention. When the criteria for intervention were a Doppler mean gradient >27 mm Hg or a Doppler mean gradient from lIto27mmHginthepresence of symptoms or an abnormal exercise test, sensitivity was 96%
(1 false negative) and specittcity was 80% (2 false positives). Catheterixation peak-to-peak gradients correlated well with Doppler mean and peak gradients (r = 0.74 and 0.73, respectively).
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Thus, the Doppler mean gradient is a useful indicator of the need for intervention in chiklren with AS. A Doppler mean gradient >27 mm Hg im the need for intervenUon with 100% specificity while a DoppIe~ mean gradient <17 mm Hg pre<lictr miki AS. For patients with Doppler mean gradient between 17 and 27 mm Hg, additional noninvasive data are neeeuary to determine the needforintenentkMl.
(Am J Cardii 1989;61:7!59-761) I n children with valvular aortic stenosis (AS), the peak-to-peak pressure gradient measured at cardiac catheterization is often used to determine the severity of AS and the need for intervention. Currently, the most widely used noninvasive technique for estimating the severity of AS is measurement of the peak instantaneous pressure gradient with Doppler echocardiography.1-4 The Doppler-derived peak instantaneous pressure gradient does not always correlate well with the catheterization-measured peak-to-peak pressure gradient.4-6 Therefore, additional noninvasive estimates of the severity of AS would be helpful in making patient management decisions. The Doppler mean gradient is another noninvasive measurement that has proven useful in the evaluation of adult patients with ASS-l2 In pediatric patients, little information is available correlating the Doppler mean gradient with the hemodynamic severity of the AS. This study assesses the usefulness of the Doppler mean gradient in predicting the need for intervention in children with AS.
METHODS
Patient population: All children with AS who underwent 2-dimensional and Doppler echocardiographic examination and cardiac catheterization at this institution between September 1984 and August 1988 were included in the study. The study population consisted of 33 patients whose ages ranged from 3 months to 20 years (10 f 6 years, mean f standard deviation) and whose weights ranged from 5 to 109 kg (41 f 29). Four infants <3 months old with critical AS were excluded from the study because critical AS in the neonatal period has different hemodynamic features and criteria for intervention. In addition, all children with subvalvular or supravalvular levels of left ventricular outflow obstruction were excluded.
The patients in the study group had several additional lesions. Aortic regurgitation was detected at cardiac catheterization in 17 patients. Regurgitation was graded at angiography as l+ in 12 patients, 2+ in 4 and 3+ in 1. Two children had previous repair of aortic coarctation with no residual descending aorta gradient at catheterization. Two patients had a small ventricular septal defect and 2 patients had mitral valve abnormalities including mitral valve prolapse in 1 and mild mitral stenosis in the other. In each patient, the 2-dimensional and Doppler echocardiographic examination was reviewed by 2 observers who had no knowledge of the results of catheterization or the patient's subsequent management. All echocardiographic examinations were performed from 1 to 90 days (median 1 day) before catheterization using either an Advanced Technology Laboratories Mark 600 or Ultramark 8 system or an Acuson 128 computed sonography system. Using high pulse repetition frequency or continuous wave Doppler techniques, the AS jet was recorded on videotape at 50 or 100 mm/s sweep speed. The AS jet was recorded from apical, right parasternal and suprasternal transducer positions. The Doppler recording that provided the highest value for the peak velocity was used for subsequent measurements of the peak and mean gradients. The simplified Bernoulli equation (pressure gradient = 4 X maximum velocity2) was used to calculate instantaneous pressure gradients. The peak instantaneous pressure gradient was defined as the largest of all the instantaneous gradients throughout systole and the mean gradient was calculated as the average of all the instantaneous gradients throughout systole. Using an off-line analysis system (Microsonics CAD 888), the gradients were calculated from a digital tracing of the outermost border of the Doppler spectral recording through systole. All data presented represent the average of 3 or more cardiac cycles.
Record review: The medical records of each patient were reviewed for the following information: (1) the medical history, with particular attention paid to the presence of symptoms including chest pain, syncope, dyspnea and easy fatigability; (2) results of exercise treadmill tests; and (3) results of cardiac catheterization, with peak-to-peak pressure gradient across the aortic valve, left ventricular end-diastolic pressure, thermodilution cardiac index and diagnosis of additional lesions obtained from the catheterization report. CrMria for intervention: In our institution, the decision for intervention was based on finding a catheterization peak-to-peak gradient of 175 mm Hg or from 50 to 75 mm ,Hg in the presence of symptoms or an abnormal exercise treadmill test result. Using these criteria, 23 of the 33 patients required intervention. Twenty-two had balloon valvuloplasty and 1 had aortic valve replacement.
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peak-to-peak pressure gradients using linear regression analysis (p <0.05 indicated a significant correlation).
RESULTS
The data obtained from the review of the Doppler examination, the cardiac catheterization report and the medical records are listed in Table I . Using linear regression analysis, the Doppler mean and peak instantaneous pressure gradients were compared to the catheterization peak-to-peak gradients (Figure 1 ). Significant correlations were found for both relations and the correlation coefficients were similar (r = 0.74 for mean gradient and 0.73 for peak instantaneous gradient).
For each patient, the Doppler mean gradient, the catheterization peak-to-peak gradient and the need for intervention are compared in Figure 2 . All patients with a Doppler mean gradient >27 mm Hg required intervention. This group included 12 children, all of whom had a catheterization peak-to-peak gradient of 275 mm Hg. All patients with Doppler mean gradients < 17 mm Hg did not require intervention. This group included 3 patients, all with peak-to-peak gradients <50 mm Hg. The remaining 18 patients with Doppler mean gradients between 17 and 27 mm Hg comprised an intermediate group in whom the Doppler mean gradient alone did not predict the need for intervention. In thii group, catheterization peak-to-peak pressure gradients were between 50 and 75 mm Hg.
The sensitivity and specificity of a given Doppler mean gradient for predicting intervention were calculated from a chi-square table ( Figure 3 ). As Figure 3 shows, a Doppler mean gradient >27 mm Hg predicts the need for intervention with 100% specificity (no false positives); however, the sensitivity is low at 52% (11 false negatives). In other words, there were 11 patients who required intervention and who were not detected by this criterion alone. If a Doppler mean gradient of >24 mm Hg is used as the criterion for intervention, then the sensitivity increases dramatically to 91% (2 false negatives), but the specificity decreases to 70% (3 false positives). At lower Doppler mean gradients, sensitivity does not increase appreciably while specificity drops off considerably.
To improve our ability to predict the need for intervention in patients with a Doppler mean gradient between 17 and 27 mm Hg, we combined symptoms and an abnormal exercise treadmill test result with the Doppler mean gradient as criteria for intervention (Figure 4) . Thus, if the criterion for intervention is a Doppler mean gradient >27 mm Hg or a Doppler mean gradient between 17 and 27 mm Hg in the presence of symptoms or an abnormal exercise treadmill test result, then the sensitivity and specificity improve considerably (Figure 4) . A Doppler mean gradient 2 17 mm Hg in the presence of symptoms or an abnormal exercise treadmill test result predicts the need for intervention with 96% sensitivity (1 false negative) and 80% specificity (2 false positives).
These combined criteria did not predict the need for intervention correctly in 3 of the 33 study patients (Table II). One patient who required intervention was not detected. This patient had a borderline Doppler mean gradient of 27 mm Hg with no symptoms and a catheterization peak-to-peak gradient of 104 mm Hg. Two patients were predicted as requiring intervention but did not receive it. One patient had a Doppler mean gradient of 27 mm Hg, a catheterization peak-to-peak gradient of 50 mm Hg and an abnormal blood pressure response to exercise. Although the patient had criteria for intervention, the decision was made not to intervene. The second patient had syncope with a Doppler mean gradient of 22 mm Hg and a catheterization peak-to-peak gradient of 25 mm Hg. It is likely that symptoms in this patient were unrelated to AS.
DISCUSSION
In children with AS, the peak-to-peak pressure gradient measured at cardiac catheterization is usually a reliable indicator of the severity of the obstruction and the need for intervention. This pressure gradient is affected not only by the severity of the AS but also by the DOPPLER MEAN GNADIENT IN AGNllC STENOSIS amount of transvalvular flow. Chiidren with AS, unlike adults, do not usually have dished or increased left ventricular stroke volume; therefore, this and other pressure gradients can be used to predict accurately the degree of AS.
Transvalvular pressure gradients can be measured reliably by Doppler echocardiography as well. The peak instantaneous pressure gradient across the aortic valve can be calculated from the Doppler recording of the peak transaortic flow velocity using the simplified Bernoulli equation.1-4 When simultaneous Doppler and cardiac catheterization studies are performed, the Doppler-predicted peak instantaneous pressure gradient correlates closely with that measured at cardiac cathe terization.6J3 However, the peak instantaneous pressure gradient is not routinely measured at cardiac catheterization as an indicator of the need for intervention; therefore, the clinician has no suitable reference standard to which the Doppler peak instantaneous pressure gradient can be compared. The Doppler-predicted mean pressure gradient is directly comparable to mean pres- sure gradient measured at cardiac catheterization.7-12 Little information, however, is available in pediatric patients relating the mean pressure gradient to the severity of stenosis and the need for intervention. In this study, we found that all children with a Doppler mean gradient >27 mm Hg had a catheterization peak-to-peak pressure gradient 175 mm Hg and, therefore, required intervention. All children with a Doppler mean gradient <17 mm Hg had a catheterization peak-to-peak pressure gradient <50 mm Hg and did not require intervention. Children with Doppler mean gradients between 17 and 27 mm Hg comprised an intermediate group with peak-to-peak pressure gradients between 50 and 75 mm Hg. In this group, the Doppler mean gradient alone was not sufficient to predict the need for intervention; however, the presence of symptoms or an abnormal exercise test provided the additional necessary information for an accurate noninvasive assessment of the severity of the AS.
In this study, a Doppler mean gradient >27 mm Hg or between 17 and 27 mm Hg in the presence of symp toms or an abnormal exercise treadmill test predicted the need for intervention with 96% sensitivity (1 false negative) and 80% specificity (2 false positives). One of the false-positive patients had clinical criteria for intervention and did not receive it. Management decisions in any individual patient cannot always adhere to a rigid set of guidelines. This patient represents a deviation from the guidelines rather than an erroneous test result. In the other false-positive patient, intervention was predicted on the basis of a Doppler mean gradient in the intermediate range in the presence of symptoms (syncope). However, symptoms in this patient were unrelated to the AS and no intervention was necessary. The re maining false-negative patient had a borderline Doppler mean gradient of 27 mm Hg, no symptoms and a cathe terization peak-to-peak gradient of 104 mm Hg. The large discrepancy between the Doppler mean gradient and the catheterization peak-to-peak gradient in this patient probably stems from failure during the Doppler examination to record the jet velocities at an acceptable intercept angle.
The Doppler-predicted mean and peak instantaneous pressure gradients correlated significantly with the peak-to-peak pressure gradient measured at cardiac catheterization (r = 0.74 for mean gradient and 0.73 for peak instantaneous gradient). In several previously reported studies,2y3.5 correlation coefficients have been higher. We believe that the correlation coefficients in our study were lower for the following reasons: (1) the Doppler and catheterization measurements were not made simultaneously13; (2) no patient was excluded because of the quality of the Doppler tracing; and (3) the study was performed retrospectively rather than prospectively, which influences who does the examination and how hard the examiner works to obtain the perfect Doppler tracing.
